Upregulated expression of periostin by hypoxia in non-small-cell lung cancer cells promotes cell survival via the Akt/PKB pathway by 阮凯
学校编码：10384                                分类号      密级       
学    号： 20120051302073                                 UDC        
 
 
  硕  士  学  位  论  文 
缺氧诱导Periostin蛋白高表达并通过激活
Akt/PKB 通路促进非小细胞肺癌细胞的生存 
Upregulated expression of periostin by hypoxia in 
non-small-cell lung cancer cells promotes cell survival via the 
Akt/PKB pathway 
 
阮    凯 
 
指导教师姓名：欧阳高亮    副教授 
专  业 名 称：细胞生物学 
论文提交日期：2009 年 06 月 
论文答辩时间：2009 年 07 月 
学位授予日期：2009 年  月 
 
答辩委员会主席：
评    阅    人：               
  袁立  教授   




















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 


































1.3 细胞外基质与 Matricellular Proteins……………………………..…...11 
1.3.1 细胞外基质的定义与功能……………………………………...…...11 
1.3.2 Matricellular Proteins 家族.……………………………...…….11 
1.3.3 Periostin 的结构与生物学特性………………………………...…12 
1.3.4 Periostin 在肿瘤中的表达…………………………………...……13 
1.3.5 Periostin 在肿瘤发生中的作用…..………………………...…….13 






















3.1 缺氧促进 Periostin 在 A549 细胞中的表达……………...………...…..…28 
3.2 TGF-α与 bFGF 通过 RTK/PI3-K 信号通路增强 Periostin 在 A549 细胞中
的表达…………………………………………….……………...…….....28 
3.3 RTK/PI3-K 信号通路是缺氧诱导 Periostin 表达所必需的………….….30 
3.4 Periostin 可抵抗缺氧造成的细胞凋亡.………………………………......30 


























Table of Contents 
Ⅲ 
Table of Contents 
Abbreviation………………………………………………………………………Ⅴ 
Abstract in Chinese……………………………………………………………...Ⅶ 
Abstract in English……………………..……………………………………….Ⅷ 
1 Introduction…………………………………………………………...………1 
1.1 Tumor microenvironment………………………………………………..…..1 
1.2 Hypoxia----one of the major features in tumor microenvrionment……….2 
1.2.1 The cellular responses to hypoxia……………………………………..3 
1.2.2 HIF-1 signaling pathway in hypoxia…………………………………..4 
1.2.3 The role of hypoxia in tumorigenesis………………………………….5 
1.2.3.1 Resistant to anti-proliferation signals and independence from 
exogenous growth factor signals……………………………………5 
1.2.3.2 Induction or evasion of apoptosis…………………………………..5 
1.2.3.3 Limitless replicative potential………………………………………6 
1.2.3.4 Induction of angiogenesis…………………………………………..7 
1.2.3.5 Evasion of the immune system……………………………………..8 
1.2.3.6 Tissue invasion and metasis………………………………………...8 
1.2.3.7 Genomic instability…………………………………………………9 
1.2.3.8 Glycolysis in hypoxic cells………………………………………..10 
1.3 Extracellular matrix and matricellular proteins…………………………..11 
1.3.1 Definition and functions of extracellular matrix…………….………..11 
1.3.2 Matricellular proteins family…………………………………………11 
1.3.3 Structure and biological characteristics of periostin………………….12 
1.3.4 Expression of periostin in human cancers……………………………13 
1.3.5 The role of periostin in tumorigenesis………………………………..13 
1.3.6 Regulators of periostin in tumorigenesis……………………………..14 
1.4 Aims, contents and significance of this research…………………………..15 
1.4.1 Aims and contents of this research…………………………………...15 
1.4.2 Significance of this research………………………………………….15 


















3.1 Hypoxia promoted periostin expression in A549 cells………………...…..28 
3.2 TGF-α and bFGF enhanced periostin expression in A549 cells via 
RTK/PI3-K pathway……………………………………………..………….28 
3.3 RTK/PI3-K pathway was required for hypoxia induced periostin 
expression………………………………………………….………………....30 
3.4 Periostin exerted resistance to apoptosis caused by hypoxia……………..30 






















Abbreviation Full Name 
aFGF Acidic fibroblast growth factor 
Ang-2 Angiopoietin 2 
ARC Apoptosis repressor with caspase recruitment domain 
ARNT Aryl hydrocarbon receptor nuclear translocator 
ATM Ataxia telangiectasia mutated 
ATR ATM -Rad3-Related 
bFGF Basic fibroblast growth factor 
bHLH Basic helix–loop–helix 
βig-h3 TGF-β-induced gene human clone 3 
BMP-2 Bone morphogenetic protein 2 
BNIP3 Bcl-2/adenovirus E1B 19kDa interacting protein 3 
BNIP3L Bcl-2/E1B 19kDa interacting protein 3-like protein 
BRCA1 Breast cancer 1 
BSP Bone sialoprotein 
CARD Caspase recruitment domain 
Caspase Cysteine aspartic acic specific protease 
Cbfa1 Core Binding Factor alpha 1 
Chk1 Checkpoint kinase 1 
Chk2 Checkpoint kinase 2 
CoCl2 Cobalt chloride 
DFO Desferrioxamine 
DMSO Dimethyl sulfoxide 
ECM Extracellular matrix 
EGF Epidermal growth factor 
EGFR Epidermal growth factor receptor 
EMT Epithelial-mesenchymal transition 
ERK Extracellular signal-regulated kinase 
FAS1 Fasciclin 1 
FGF Fibroblast growth factor 
FIH Factor inhibiting HIF-1 















HER Hypoxia-response element 
HIF Hypoxia-inducible factor 
HK2 Hexokinase 2 
IGF Insulin-like growth factor 
KDR Kinase insert domain-containing receptor 
LOX lysyl oxidase gene 
MAPK Mitogen-activated protein kinase 
MDM2 Murine double minute 2 
MEFs Mouse embryonic fibroblasts 
MIF Macrophage migration inhibitory factor 
MMR Mismatch repair 
mTOR Mammalian target of rapamycin 
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
NIX Nip3-like protein X 
NSCLC Non-Small-Cell lung cancer cell line 
OPN Osteopontin 
OSF-2 Osteoblast-specific factor 2 
PDGF Platelet-derived growth factor 
PDK1 Pyruvate dehydrogenase kinase 1 
PHD Prolyl hydroxylase 
PI3-K Phosphoinositide 3-kinases 
PKB Protein kinase B 
PLF Periostin-like factor 
PTEN Phosphatase and tensin homolog 
pVHL von Hippel-Lindau tumor suppressor protein 
RTK Receptor tyrosine kinase 
TCA Tricarboxytic acid 
TGF-α Transforming growth factor alpha 
TGF-β Transforming growth factor beta 
TNC Tenascin-C 
TSP Thrombospondin 
VEGF Vascular endothelial growth factor 






























CoCl2 和 DFO 处理模拟肿瘤微环境的缺氧状态，通过 Western blot、RNA 干
扰、凋亡检测试剂盒和 Hoechst 染色等技术，研究 Periostin 蛋白对非小细胞肺
癌细胞在环境应激条件下生存的影响及其作用的分子机理。结果表明，缺氧可
诱导人非小细胞肺癌 A549 细胞 Periostin 蛋白高表达，且该效应受缺氧诱导生
长因子 TGF-α 与 bFGF 调控。此外还发现，TGF-α与 bFGF 通过激活 RTK/PI3-
K 信号通路调控 Periostin 蛋白的表达，Periostin 蛋白则可进一步通过激活





















Tumorigenesis in human is a multistep process that involves the sequential 
acquisition of a number of genetic, epigenetic or somatic alterations as a result of 
increasing genomic instability. Tumor cells can form a microenvironment of the 
tumor-host interface by the interaction with the various components of extracellular 
matrix ， and coordinate the adaptive growth of cells response to different 
microenvironment through the regulating a variety of intracellular pathways. Based 
on the unique physiological characteristic of tumor microenvironment, it shows a 
great influence in tumorigenisis. Hypoxia as one of the salient features of tumor 
microenvironment plays a critical role in cell proliferation, survival, angiogenesis, 
immune surveillance, metabolism, as well as tumor invasion and metastasis. As a 
member of matricellular proteins in extracellular matrix, periostin has been shown to 
be frequently overexpressed in various types of human cancers. We have previously 
reported that periostin potently promotes metastatic growth of colon cancer by 
augmenting cell survival. However, little is known about the functions of periostin in 
lung cancer. 
Here, we used CoCl2 and DFO to induce a chemical-mimic hypoxia in non-
small-cell lung cancer A549 cells, and apply the techniques of western blot, RNA 
interference, Apoalert DNA Fragmentation Assay Kit and Hoechst staining studied the 
function and molecular mechanism of periostin on survival of A549 cells under 
hypoxia stress. The result showed that increased expression of periostin in A549 cells 
was one kind of cellular responses to the stress of chemical-mimic hypoxia, and this 
effect could be regulated by hypoxia inducible growth factors, such as TGF-α and 
bFGF. We further demonstrated that RTK/PI3-K pathway activated by TGF-α and 
bFGF was evoked in upregulating the expression of periostin, and then periostin 
promoted the survival of A549 cells under hypoxia microenvironment via activation 
of Akt/PKB pathway. Therefore, periostin and the pathway that it involved might 
provide a target for lung cancer treatment. 
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1  前言 







































































































图1   缺氧在人类癌症标志性特征中的作用[26]。 
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图2  HIF-1参与介导的缺氧信号通路[26]. 
Fig.2  Hypoxia signaling through HIF-1 pathways in human cancer[26]. 
1.2.3  缺氧在肿瘤发生发展中的作用 







因子-1（insulin-like growth factor 1, IGF-1）、胰岛素样生长因子-2（IGF-2）和
血小板衍生生长因子（PDGF）[22, 39]。有报道，p42/p44与促分裂素原活化蛋白
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